Naoxintong capsule (NXT) is a commercial medicinal product approved by the China Food and Drug Administration which is used in the treatment of stroke and coronary heart disease. However, the research on the composition and mechanism of NXT is still lacking. Our research aimed to identify the absorbable components, potential targets, and associated pathways of NXT with network pharmacology method. We explored the chemical compositions of NXT based on UPLC/Q-TOF-MS. Then, we used the five principles of drug absorption to identify absorbable ingredients. The databases of PharmMapper, Universal Protein, and the Molecule Annotation System were used to predict the main targets and related pathways. By the five principles of drug absorption as a judgment rule, we identified 63 compositions that could be absorbed in the blood in all 81 chemical compositions. Based on the constructed networks by the significant regulated 123 targets and 77 pathways, the main components that mediated the efficacy of NXT were organic acids, saponins, and tanshinones. Radix Astragali was the critical herbal medicine in NXT, which contained more active components than other herbs and regulated more targets and pathways. Our results showed that NXT had a therapeutic effect on heart diseases through the pattern "multiple components-multiple targets-multiple pathways."
Introduction
Naoxintong capsule (NXT) is a commercial medicinal product approved by the China Food and Drug Administration which is widely used in the treatment of stroke and coronary heart disease. NXT contains 16 Chinese herbal medicines (Table 1) . NXT exerts significant therapeutic effects and has high safety for stroke recovery in the clinical setting [1] . Recent studies showed that NXT could reduce the infarct size of acute myocardial infarction (AMI) patients by improving vascular endothelial function [2] . Long-term administration of NXT was also reported to alleviate inflammation, reduce the recurrence of angina pectoris, and decrease the incidence of ACS attack in borderline lesion coronary heart disease patients [3] . Some studies investigated the mechanisms of NXT in vitro or in vivo. NXT was reported to protect against atherosclerosis through its lipid-lowering activity [4] and to reduce the expression of iNOS mRNA and the NO level in the vessel wall to benefit the treatment of atherosclerosis [5] . NXT also protected cardiomyoblasts against H 2 O 2 -induced oxidative injury [6] . Although some mechanisms of NXT have been reported, existing studies on unilateral factors and single targets could not demonstrate the complex mechanisms of NXT, a herbal prescription with 16 medicines which is prescribed for the treatment of complex diseases like cardiovascular and cerebrovascular diseases.
With the prominence of network pharmacology in system biology, this distinct and novel approach to the study of complicated analytical systems is becoming more widely known and more frequently used in the field of drug research. The functions of network pharmacology include uncovering the functions of traditional Chinese medicines (TCMs), providing deeper insights into and scientific evidence for TCMs, and identifying TCMs as scientifically proven. Here, we attempt to explore the mechanism of NXT using this method.
In the current study, based on the use of UPLC/Q-TOF-MS to investigate the involved components, we aimed to analyse the absorbable components of NXT, to identify potential targets and associated pathways using the network pharmacology method, and to systematically discuss the mechanism of NXT in the treatment of heart diseases.
Material and Methods

Prediction of Components
2.1.1. Sample Preparation. NXT was obtained from HezeBuchang Pharmaceutical Co., Ltd. (Heze, China). Deionized water was prepared from aqua distillate using a Milli-Q system (Millipore, Bedford, MA, USA). Analytical grade methanol was purchased from Merck (Darmstadt, Germany). We dissolved 1 g of NXT powder in 10 mL of 75% analytical grade methanol and subjected the mixture to ultrasonic extraction for 30 min. We then brought the solution to room temperature and obtained the supernatant as a capture reagent. The sample was filtered using a 0.22 m microporous membrane before UPLC analysis.
UPLC/Q-TOF-MS.
We used a Waters Acquity UPLC System (Waters Co., USA) furnished with a photodiode array detector for the analysis. The sample was diluted on a Waters Acquity UPLC BEH C18 column (2.1 mm × 100 mm, 1.7 m). UV detection was achieved at 190-400 nm. The system was controlled using the MassLynx version 4.1 software (Waters Co.). The gradient duration program for A (UPLC-grade acetonitrile) and B (water with 0.1% formic acid) was performed as follows: 2% A from 0 min to 3 min, 10% to 50% A from 3 min to 12 min, 50% to 63% A from 12 min to 18 min, 63% to 83% A from 18 min to 21 min, 83% to 84% A from 21 min to 22 min, 84% to 87% A from 22 min to 26 min, 87% to 90% A from 26 min to 28 min, 90% to 95% A from 28 min to 31 min, 95% to 100% A from 31 to 33 min, 100% to 100% A from 33 to 35 min, and 100% to 2% A from 35 min to 37 min. The flow rate was maintained at 0.4 mL/min, and the column temperature was maintained at 30 ∘ C.
The components of NXT were identified using a Waters Q-TOF Premier with an electrospray ionization (ESI) system (Waters MS Technologies, Manchester, UK). The ESI-MS spectra were acquired at both negative and positive ion voltages. The capillary voltage was set to 2.5 kV for the negative mode and to 3.0 kV for the positive mode. The sample cone voltage was set to 30 V, and the source temperature was 110 ∘ C. High-purity nitrogen was used as the nebulization and auxiliary gas. The nebulization gas was set to 600 L/h, the cone gas was set to 50 L/h, and the desolation temperature was 350 ∘ C. The Q-TOF Premier acquisition rate was 0.1 s, and there was a 0.02 s interscan delay. Argon, which was used as the collision gas, was maintained at a pressure of 5. 
Prediction and Screening of Pathways.
We imported the obtained targets into the Bio database (http://bioinfo .capitalbio.com/mas3/) and then screened for pathways that met the criterion of < 0.01.
Construction of Network.
According to the screening pathways with their corresponding targets and components, we created a component-target-pathway illustration using Cytoscape. Then, according to the main selected targets, we drew a target-composition diagram.
Results
UPLC/Q-TOF-MS Analysis.
We analysed the chemical components of NXT using ultraperformance liquid chromatography combined with quadrupole time-of-flight mass spectrometry. Because different chemical components had better responses in different modes, MS data were obtained in both positive ion mode (Figure 1(a) ) and negative ion mode (Figure 1(b) ). MS data in (+/−) ESI modes and the identification results for the constituents in NXT were presented in Table 2 . In all 16 herbs from NXT, no related component in Myrrha and Hirudo was found.
Absorption Parameters of Components.
Using a computer prediction method to calculate the identified compounds of NXT, we obtained absorption parameters that could determine whether the chemical compositions could be absorbed. Table 3 showed the specific absorption parameters of all of the components. The data indicated that there were a total of 63 chemical compositions ( Figure 2 ) that met the five principles of drug absorption. As shown, 7 glycosides were identified. Although the relative molecular masses of those compounds were greater than 500, they could also be absorbed, because those compounds could be divided into two parts, including aglycones which mainly mediated drug efficacy and sugar chains in the body. So we could import these glycosides' aglycones into PharmMapper to obtain the relevant parameters. The results showed that both of these components were consistent with the five principles of drug absorption, so we considered that these 7 chemical compositions could be absorbed in the body.
Potential Targets and Pathways.
By importing 63 chemical compositions that were predicted to be absorbable into the PharmMapper database for directional docking,
we obtained a total of 123 targets. We then imported these targets into the Molecule Annotation System and obtained 77 pathways regulated by NXT with highly significant differences, from which we chose the top 40 pathways that met the criterion of < 0.01 (Table 4) . A total of 34 targets were related to these top 40 pathways, and HRAS, MAP2K1, and MAPK14 were associated with most of these pathways, so we considered these factors to be the main targets. As shown in Table 4 , NFAT and hypertrophy of the heart (transcription in the broken heart) ranked first among these pathways.
In Table 5 , these top 40 pathways were classified into 5 categories, which included pathways associated with heart diseases and blood vessels, metabolism, cell cycle (with proliferation and apoptosis), immunity, and other pathways. By classifying these pathways, we accessed and marked the corresponding medicinal materials of NXT (Table 5 ). In the pathways associated with heart diseases and blood vessels, Evidence-Based Complementary and Alternative Medicine RCX, RSM, and FC were the most important. In the regulation of metabolism, RA, RSM, and RCX showed diametrical effect. All the herbs except Semen Persicae (SP) were related metabolism pathways due to the current research. RA, RSM, RCX, and FC could regulate the pathways about cell cycle, proliferation, and apoptosis. Some other important pathways were also affected by some herbs like RA, RSM, and RCX, for example, Insulin Signaling Pathway and p38 MAPK Signaling Pathway.
Pharmacology Network of NXT.
Using the Cytoscape software, we constructed a pharmacology network of NXT (Figure 3 ), which showed us the relationships of the top 40 pathways, targets, and chemical components. We obtained preliminary understanding of the mechanism of NXT through this network. In this research, we found three major targets of NXT: HRAS, MAP2K1, and MAPK14, which were involved in most regulated pathways. By Figure 4 , based on illustration of the main targets with their corresponding compounds, we found the most effective ingredients of NXT were organic acids, saponins, and tanshinones. The main sources of organic acids were RA, RCX, RAS, and RAB. The saponins were mainly derived from RA. Meanwhile, tanshinones were mainly concentrated in RSM.
Discussion
The burden of cardiovascular and circulatory disease is becoming more and more serious, with cerebrovascular disease (CBD) and ischemic heart disease being the most serious [7] . As the causes of cardiovascular disease (CVD) and CBD are complicated, the symptoms of these diseases are also very diverse. NXT is commonly used during clinical treatment of CVD and CBD, and the effect of this drug is remarkable. Although complex traditional Chinese medicine has great significance for the treatment of complex diseases, some questions such as the material basis and the potential mechanisms remain unanswered. Note. "1" means that the Chinese herbal medicine acts on the pathway while "0" means it does not. The pathways in each category are sorted by the significant differences in P value.
Our study successfully predicted absorbable chemical compositions of NXT. These constituents primarily included ferulic acid, succinic acid, astragaloside IV, and tanshinone IIA. Ferulic acid, which is derived primarily from RA, RCX, RAS, and RAB, is reported to act as an angiogenic agent that augments angiogenesis, which is critical in ischemic diseases, such as myocardial infarction and stroke [8] . Succinic acid has been demonstrated to activate Akt phosphorylation to inhibit apoptosis and necrosis caused by cardiomyocyte hypoxia/reoxygenation [9] . Previous studies demonstrated that astragaloside IV could protect the heart through NOdependent mechanism [10] . NO has been confirmed to prevent the mitochondrial permeability transition pore from opening [11] . During early reperfusion, it can prevent the heart from reperfusion injury by inhibiting the opening of the mitochondrial permeability transition pore [12] . Tanshinone IIA also has cardioprotective effects, such as protection of cardiomyocytes from oxidative stress-triggered damage [13] . These reports were consistent with our results.
In addition to active ingredients, we also successfully predicted drug targets of NXT. The major targets were HRAS, MAP2K1, and MAPK14. The HRAS gene encodes the GTPase HRas, which is an enzyme known as transforming protein p21 [14] . With the ability to increase the effects of growth factor, HRas plays an important role in regulating the growth, differentiation, and death of endothelial cells [15] . The MAP2K1 gene encodes an enzyme named dual specificity mitogen-activated protein kinase kinase 1, and MAPK14 encodes p38-. Both of these factors are closely related to inflammation and p38-is also associated with cardiac hypertrophy via p38 MAPK activity in the heart. In addition, p38-has been recognized as an isoenzyme of cardiovascular importance [16] .
Among the numerous identified pathways, NFAT and hypertrophy of the heart (transcription in the broken heart) were ranked first. Nuclear factor of activated T-cells (NFAT) transcription factors, which have four different isoforms, plays crucial roles in the regulation of gene expression during heart development [17] . The isoforms NFATc3 and NFATc4 are involved in hypertrophic development, while NFATc1 plays a key role in cardiac development [18] . The dephosphorylation of NFATs can promote calcineurin regulating immune response genes [19] . Via compensatory hypertrophy, the heart adapts to persistent stress conditions, but, over time, dysfunction and myocardial failure evolve [20] . Like NFAT and hypertrophy of the heart (transcription in the broken heart), most of these pathways are involved in the formation and regulation of cardiovascular disease, such as nuclear receptors in lipid metabolism and toxicity. Nuclear receptors include a superfamily of ligand-dependent transcription factors that regulate genetic networks that control cell growth, development, and metabolism. Regulating nuclear receptors is beneficial for patients with metabolic diseases, such as cardiovascular disease, due to the requirement for balance among a number of pathways for normal metabolic control [21] . These studies confirmed the validity of our study.
From the above results, we also found the different significances of the total of 16 herbs in NXT. According to Chinese Pharmacopoeia 2015, the content of RA in NXT is 66 g, which is 2-3 times the content of any other herb in the whole prescription. It was reported that RA was the monarch drug of NXT and played a key role in improving the immune system, invigorating blood circulation, and the condition of myocardial ischemia and hypoxia [22] . Our study found that RA contained a lot of effective components, organic acids, and saponins and was critical source of the main active components of NXT. Through the comparison of the herbs involved in the top 40 pathways, RA was also proved to be the most important. In the top 40 pathways regulated by NXT, RA was involved in 33 pathways. Some other herbs, such as RSM, RCX, FC, and RAS, were also the important contents in the whole prescription of NXT. The network pharmacology method used in this study is a novel methodology based on the construction of multilayer networks of disease phenotype-gene-drug to predict drug targets in a holistic manner and promote efficient drug discovery [23] . This method represents a breakthrough in comparison to the traditional herbal medicine research pattern "genetarget-disease" and initiates the new pattern "multiple genesmultiple targets-complex diseases" [24] . By this method, we proved that RA was the critical ingredient mainly involved in the regulation of metabolism and immunity in NXT. RAS was a major herb that regulated cell growth. RSM, RCX, and FC also played important roles in regulation of heart disease, blood vessels, and others. The results indicated that NXT, a complex prescription in the treatment of complex diseases, played a therapeutic effect through multiple targets and multiple pathways. This was the first study to investigate the mechanism of NXT using this method, and we successfully predicted the main targets and pathways, providing a foundation for further research. This method has important value for the study of complex drugs and should be applied in future studies.
Conclusion
The main components that mediated the efficacy of NXT were organic acids, saponins, and tanshinones. Radix Astragali was the critical herbal medicine in NXT, which contained more active components than others and regulated more targets
